Case: Fulminant myocarditis (FM) and septic cardiomyopathy (SC) are two different disease entities, and distinction between them is important. A 34-year-old man had refractory shock, multiple organ failure, and elevation of cardiogenic markers. Echocardiogram showed tachycardia with extended ST elevation, and a rapid test for influenza A virus was positive. He was admitted with suspected FM induced by influenza.
A LTHOUGH CLINICALLY APPARENT influenzaassociated cardiac complications are rare, their mortality rate in patients with fulminant myocarditis (FM) is high. 1 Septic cardiomyopathy (SC), which is induced by septic shock, is characterized by left ventricular (LV) dilatation and a depressed ejection fraction (EF) that typically normalize within 7-10 days. 2 For these reasons, FM and SC are two different disease entities and distinction between them is important. We report a patient who developed SC that mimicked FM; however, the case showed different features from FM and was induced by influenza A infection, even in summer.
CASE
A 34 -YEAR-OLD JAPANESE man without a remarkable medical history was transferred to our hospital because of catecholamine-resistant hypotension with multiple organ failure, despite vigorous fluid loading, in early September 2017. He was admitted to another hospital complaining of fever 2 days previously. He attended a crowded fireworks event just before developing a fever. At presentation, he was in severe cardiovascular instability with severe hypotension. His initial blood temperature, pulse rate, blood pressure, and respiratory rate were 39.7°C, 157 b.p.m., 49/ 30 mmHg (he received noradrenaline at 0.1 lg/kg/min), and 40 breaths/min, respectively, along with oliguria and an altered mental status (Glasgow Coma Scale score, 13; E3V4M6). A laboratory examination showed multiple organ dysfunction in the liver, kidney, and lungs, and coagulation was confirmed in addition to cardiogenic dysfunction (Table 1) . A chest X-ray taken at a previous hospital did not show overt pulmonary involvement (Fig. 1A) . However, this finding dramatically changed and showed pulmonary edema with cardiomegaly during a short period (Fig. 1B ).
An electrocardiogram showed tachycardia with extended ST elevation (Fig. 1C) . He was admitted with suspected FM induced by influenza A infection because no obvious site infection could be identified and a rapid test for influenza A virus was positive.
The patient was intubated and transported to the intensive care unit because of refractory shock. High-dose vasopressor therapy (noradrenaline up to 0.4 lg/kg/min and vasopressin up to 2 units/h) was initiated, and renal replacement therapy (CRRT) was begun. Hydrocortisone (300 mg/day) was induced as adjunctive therapy. Antimicrobial therapy, including a neuraminidase inhibitor (peramivir 300 mg/day for 2 days) and empiric broad-spectrum antibiotics (meropenem 2 g/day with linezolid 1,200 mg/day), was given after appropriate cultures were obtained.
Transthoracic echocardiography (TTE), which was carried out after admission, showed severe global LV systolic dysfunction (EF, 20%) and LV dilatation (LV end-systolic diameter, 66 mm). However, TTE did not show myocardial edema, unlike in typical cases of FM (Fig. 1D) . Moreover, cardiac catheterization showed normal coronary arteries. However, a right heart catheter examination showed a cardiac output of 12.0 L/min (confidence interval, 6.16 L/ min/m 2 ) and pulmonary capillary wedge pressure of 17 mmHg, which was inconsistent with FM. Additionally, myocardial biopsy findings did not indicate FM (Fig. 1E) .
The patient was considered to suffer from SC, which is characterized by LV dilatation and a depressed EF 2 with preserved cardiac output. 3, 4 He was treated with fluid resuscitation (crystalloids and colloids), high-dose vasopressors, and CRRT according to global sepsis guidelines. The patient responded after 12 h and became increasingly stabilized. Vasopressors were tapered, and noradrenaline and vasopressin were discontinued in 72 and 60 h, respectively. Daily TTE was used to estimate the patient's cardiac function, and his EF gradually improved up to 38% in the first 5 days. Laboratory values showed marked improvement of inflammatory and cardiogenic markers. The clinical course during the first week is shown in Figure 2 .
Blood, urine, sputum culture aspirated by bronchoscopy, and radiological studies failed to show any bacterial infection. Therefore, antibiotics were discontinued on the 10th hospitalized day. He was extubated, and CRRT was discontinued on the 12th hospitalized day. His low LV function was restored, and LV dilatation returned to almost normal in the following 2 weeks. He moved back to a previous hospital for subsequent management in 4 weeks and achieved full rehabilitation in 8 weeks. We finally diagnosed him with influenza-associated septic shock accompanied by SC.
DISCUSSION
W E REPORT A case of SC that mimicked FM, but showed different features from FM, and was induced by influenza A infection in summer. Septic cardiomyopathy (also called sepsis-induced cardiomyopathy) is often diagnosed when there is acute perturbation in cardiac function in the setting of septic shock, 2 and is usually caused by bacterial infection. Influenza virus sometimes shows a significant interaction with the immune system. 5 We searched PubMed (up to November 2018) for English articles for SC due to influenza virus infection. The keywords "septic cardiomyopathy" OR "sepsis-induced cardiomyopathy" AND "influenza" were used, and we reviewed two articles. However, both reports were complicated by bacterial infection. A Japanese retrospective cohort study reported that SC developed in 13.8% (29/210) of patients with sepsis and septic shock. 6 In this study, 37.9% (11/29) of patients with SC did not show pathogenic microorganisms and some of these patients has possible viral infections. Clinicians should take viral infection into consideration in the case of cardiac dysfunction with shock of unknown etiology.
Although our understanding of SC remains incomplete, recent studies have investigated its clinical pathophysiology. Despite the lack of diagnostic criteria, SC is considered to have the following three characteristics: (i) LV dilatation, (ii) depressed EF, (iii) recovery in 7-10 days. 2 At the early phase of sepsis, the EF is not impaired; however, stroke volume is low because of insufficient cardiac preload. After fluid loading, the EF is temporarily depressed because of LV dilatation and stroke volume can be recovered in this phase. 7 Because the EF is defined as stroke volume divided by enddiastolic ventricular volume, the denominator increases as the EF decreases.
2 Therefore, myocardial dysfunction is masked by a concomitant normal or elevated cardiac output in SC. 8, 9 A complicated and contradictory picture, such as hyperdynamic cardiac flow with hypodynamic cardiac movement, as observed in our case, is a characteristic response after preload optimization in SC.
Cardiac output is maintained by the compensatory mechanism of LV dilatation with tachycardia in SC, and this finding differs greatly from FM. 4, 7 Fulminant myocarditis is most often caused by a viral infection with a rapidly progressive course in severe heart failure and cardiogenic shock, and its initial features clinically resemble SC. 1 However, FM often requires mechanical circulatory support, such as intra-aortic balloon pumping and veno-arterial extracorporeal membrane oxygenation. Although SC sometimes requires such invasive mechanical support, 2 SC improves within a relatively short period with optimal treatment for sepsis. Moreover, management of patients who require extracorporeal membrane oxygenation is complex. 6, 10 A recent systematic MEDLINE database review of influenza myocarditis between 1946 and 2017 summarized 184 cases of patients suffering from influenza myocarditis. 1 However, patients with SC and those with FM were not clearly distinguished in this study. We should carefully distinguish these diseases mainly by repeated echocardiography. Furthermore, the currently used indices of ventricular function are limited because the cardiac index and EF are load-dependent indices that do not reflect intrinsic myocardial contractile function during sepsis. 11 New approaches for detecting myocardial dysfunction with SC are warranted to make a certain diagnosis of SC.
Annual influenza epidemics affect 5-15% of the population, resulting in approximately 3-5 million cases worldwide. 1 Epidemics of influenza virus infections usually occur in winter, while it possesses a value as imported infections, especially during the summer break season. In fact, a small influenza epidemic was observed at the time that our patient presented to hospital in the area that he lived. Clinicians should consider influenza infection when they encounter highly febrile patients without infectious focus, even in summer.
CONCLUSION W E REPORT A case of severe influenza A infection that highlights three important clinical insights: (i) influenza A infection sometimes can cause septic shock accompanied by SC, (ii) SC is confusing in clinical Fig. 2 . Clinical course of the case of a 34-year-old man with influenza-associated septic shock accompanied by septic cardiomyopathy during the first week. Peramivir (300 mg/day for 2 days) combined with a vasopressor was initiated, and the patient was stabilized in the first 72 h. In contrast to fulminant myocarditis, his cardiac index was preserved on admission. Daily examination of the ejection fraction as measured by an echocardiogram showed gradual improvement and almost returned to normal in the following 2 weeks. BT, body temperature; CPK, creatine phosphokinase; CRP, C-reactive protein; EF, ejection fraction; HR, heart rate; sBP, systolic blood pressure; WBC, white blood cell count.
appearance of FM, but shows critically different features of FM, (iii) SC due to influenza can occur in a non-epidemic period.
